A new approach for the diastereoselective synthesis of spiro[pyrazolone-4,3′-tetrahydrothiophenes] was developed. The N,Ndiisopropylethylamine-catalyzed reaction of arylidenepyrazolones with in situ generated 2-sulfanylacetaldehyde provides the corresponding spiro-heterocycles via a domino sulfa-Michael/aldol reaction in 42-98% yield and 3:2:1 to 20:1 d.r. under mild reaction conditions.
The development of new and efficient synthetic routes to access bioactive heterocyclic compounds is fundamental for the synthesis of valuable natural products, pharmaceuticals and agrochemicals. Tetrahydrothiophenes are present in many natural products and pharmaceuticals, 1 such as the essential coenzyme biotin 2 or analogues of penicillin. 3 In addition, bioactive compounds bearing a pyrazolone moiety display a wide range of biological and pharmaceutical properties, and especially spiro-pyrazolones, 4 such as the spiro compounds A, 5 with antimicrobial activity, B, a phosphodiesterase inhibitor, 6 C, with antitumor activity, 7 and D, with antibacterial activity, 8 have attracted much interest in medicinal chemistry (Figure 1) .
Recently, arylidenepyrazolones have been recognized as very good substrates to provide new pyrazole and pyrazolone derivatives. 9 1,4-Dithiane-2,5-diol, the dimer of 2sulfanylacetaldehyde, emerged as an excellent precursor for the development of domino sulfa-Michael/aldol reactions to provide tetrahydrothiophene rings (Scheme 1). 10 Similar domino transformations of 1,4-dithiane-2,5-diol resulted in the construction of spiro-tetrahydrothiophenes containing oxindole, 11a,c 1,3-indanedione, 11e and chromanone cores. 11b,d However, to the best of our knowledge, there is no report in the literature on the formation of spiro-tetrahydrothiophenes bearing a pyrazolone moiety.
Herein we report a diastereoselective sulfa-Michael/ aldol domino reaction of arylidenepyrazolones 1 and 1,4dithiane-2,5-diol (2) to provide spiro[pyrazolone-4,3′-tetrahydrothiophenes] 3 (Scheme 1). In our initial investigations, different organic and inorganic bases were tested ( Table 1 ). The first attempt using DMAP (10 mol%) in CH 2 Cl 2 at room temperature afforded the spirocyclic product 3a in 83% yield and 12:2:1 d.r (entry 1). The product was acetylated in situ to ease the analysis of the NMR spectra. The screening of other organic bases such as Et 3 N, DABCO, or DBU provided 3a in moderate to very good yields and good diastereomeric ratios, but the reaction time extended to 19 hours when the base DABCO was used (entries 2-4). The sulfa- SYNTHESIS0 0 3 9 -7 8 8 1 1 4 3 7 -2 1 0 X © Georg Thieme Verlag Stuttgart · New York 2016, 48, 4091-4098 paper
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Michael/aldol domino reaction proceeded well when the inorganic base K 2 CO 3 was used, to afford 3a in 97% yield and 9:2:1 d.r., but in a longer reaction time (entry 5).
After further screening of organic bases, DIPEA was found to be the best catalyst, providing the spirocyclic product 3a in 98% yield and 12:2:1 d.r. within 15 minutes (Table 1 , entry 9). The reaction was further optimized by conducting the reaction in different solvents and varying the catalyst loading to determine the optimal reaction conditions. We found that DIPEA (5 mol%) in CH 2 Cl 2 at room temperature provided 3a in the best yield of 98% and a d.r. of 15:2:1 within 15 minutes (entry 16).
The optimized reaction conditions were then used to probe the general applicability of the domino sequence (Scheme 2). The sulfa-Michael/aldol reaction of arylidenepyrazolones bearing electron-donating (1a-f) and electronwithdrawing groups (1g-j) provided the spirocyclic compounds 3a-j in good to excellent yields and moderate to excellent diastereomeric ratios. Good results in terms of yield and d.r. were also obtained by using a thionyl substituent at the arylidenepyrazolone, showing the presence of heterocyclic substituents in this reaction. The substrate scope was extended by varying the substituents at the N-1 and C-3 positions of the alkylidenepyrazolone. The reaction with different aryl substituents at the N-1 position provided good yields and moderate to very good diastereomeric ratios (3l-n). Moderate to good yields and moderate to excel-lent diastereomeric ratios were achieved by varying the alkyl substituent at C-3 (3o-q). It was observed that an increase in the steric hindrance at C-3 resulted in a lower yield (3n-p).
Furthermore, an enantioselective sulfa-Michael/aldol domino sequence was investigated, catalyzed by different chiral bifunctional organocatalysts such as squaramides 12 and thioureas. 13 Initially different squaramide and thiourea catalysts ( Table 2 , I-IV) were tested to provide the product 3a. In all approaches good to excellent yields could be achieved with good diastereomeric ratios, but the best enantioselectivity of only 19% ee was obtained with catalyst I. The reaction was then conducted in different solvents and at low temperature employing catalyst I, but so far the ee value could not be increased beyond 23% (entry 6). 
The relative cis-configuration of the spiro[pyrazolone-4,3′-tetrahydrothiophenes] was determined by X-ray crystal structure analysis of compound 3i (Figure 2 ). 14 In conclusion, we have developed a diastereoselective sulfa-Michael/aldol domino reaction of arylidenepyrazolones with 1,4-dithiane-2,5-diol to afford spiro[pyrazolone-4,3′-tetrahydrothiophenes] in moderate to excellent yields and diastereomeric ratios. An attempt to develop an enantioselective variant of this protocol has also been carried out, but so far only 23% ee could be reached. Unless otherwise noted, all commercially available chemicals were used without purification. All solvents were distilled and purified according to standard procedures. Analytical TLC was performed using SIL G-25 UV 254 from Macherey & Nagel (particle size 0.040-0.063 nm; 230-240 mesh flash) and visualized with UV radiation at 254 nm. 1 H, 13 C, and 19 F NMR spectra were recorded at ambient temperature on a Varian Innova 400 or Innova 600 instrument. Chemical shifts of the major diastereomer for the 1 H NMR and 13 C NMR spectra are reported in ppm with coupling constants given in Hz. Melting points were measured on a LLG MPM-H2 melting point instrument. Mass spectra were acquired on a Finnigan SSQ7000 (EI, 70 eV) spectrometer and on a ThermoFinnigan LCQ Deca XP plus (ESI) spectrometer, and high resolution ESI spectra were obtained on a ThermoFisher Scientific LTQ Orbitrap XL. Analytical HPLC was performed on a Agilent 1260 instrument by using chiral stationary phases (Daicel Chiralpak IA column). The alkylidenepyrazolones 1 were prepared according to known procedures. 15 Compounds rac-3a-q; General Procedure 1,4-Dithiane-2,5-diol (2; 0.15 mmol) and DIPEA (5 mol%) were added to a solution of 1 (0.25 mmol) in CH 2 Cl 2 (2.5 mL). The reaction mixture was stirred at r.t. until 1 was completely consumed as indicated by TLC. The solution of the crude product was cooled to 0 °C and treated with Ac 2 O (0.30 mmol), DMAP (0.05 mmol), and pyridine (0.30 mmol). The crude product was then subjected to flash chromatography (silica gel, n-pentane-Et 2 O, 20:1 to 6:1); this afforded the spiro product 3.
1-Methyl-4-oxo-3,6-diphenyl-7-thia-2,3-diazaspiro[4.4]non-1-en-9-yl Acetate (3a)
Yield: 93 mg (98%); colorless solid; mp 78-80 °C; R f = 0.60 (n-pentane-Et 2 O, 1:1). 
6-(3-Methoxyphenyl)-1-methyl-4-oxo-3-phenyl-7-thia-2,3-diazaspiro[4.4]non-1-en-9-yl Acetate (3d)
Yield: 92 mg (90%); brown oil; R f = 0.55 (n-pentane-Et 2 O, 1:1). 
IR (ATR

6-(Benzo[d][1,3]dioxol-5-yl)-1-methyl-4-oxo-3-phenyl-7-thia-2,3diazaspiro[4.4]non-1-en-9-yl Acetate (3f)
Yield: 69 mg (65%); orange solid; mp 42-44 °C; R f = 0.63 (n-pentane-Et 2 O, 1:1). 
IR (ATR
6-(4-Chlorophenyl)-1-methyl-4-oxo-3-phenyl-7-thia-2,3-diazaspiro[4.4]non-1-en-9-yl Acetate (3g)
Yield: 81 mg (78%); colorless solid; mp 37-39 °C; R f = 0.50 (n-pentane-Et 2 O, 1:1). ): 2939, 2291, 2083, 1715, 1596, 1491, 1361, 1213, 1043, 917 
IR (ATR
6-(4-Bromophenyl)-1-methyl-4-oxo-3-phenyl-7-thia-2,3-diazaspiro[4.4]non-1-en-9-yl Acetate (3h)
Yield: 90 mg (78%); colorless solid; mp 38-40 °C; R f = 0.53 (n-pentane-Et 2 O, 1:1). 
IR (ATR
3-(2-Chlorophenyl)-1-methyl-4-oxo-6-phenyl-7-thia-2,3-diazaspiro[4.4]non-1-en-9-yl Acetate (3l)
Yield: 78 mg (75%); colorless solid; mp 153-155 °C; R f = 0.50 (n-pentane-Et 2 O, 1:1). Chlorophenyl)-1-methyl-4-oxo-6-phenyl-7-thia-2,3- 
IR (ATR
3-(4-
